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ABSTRACT
Structural motifs are important for the integrity of a
protein fold and can be employed to design and
rationalize protein engineering and folding experi-
ments. Such conserved segments represent the
conserved core of a family or superfamily and can
be crucial for the recognition of potential new
members in sequence and structure databases.
We present a database, MegaMotifBase, that com-
piles a set of important structural segments or
motifs for protein structures. Motifs are recognized
on the basis of both sequence conservation and
preservation of important structural features such
as amino acid preference, solvent accessibility,
secondary structural content, hydrogen-bonding
pattern and residue packing. This database pro-
vides 3D orientation patterns of the identified motifs
in terms of inter-motif distances and torsion angles.
Important applications of structural motifs are also
provided in several crucial areas such as similar
sequence and structure search, multiple sequence
alignment and homology modeling. MegaMotifBase
can be a useful resource to gain knowledge about
structure and functional relationship of proteins.
The database can be accessed from the URL http://
caps.ncbs.res.in/MegaMotifbase/index.html
INTRODUCTION
Previous studies have pointed out that short segments of
sequence and/or structural elements are required for
retention of fold and function of a protein (1,2).
Sequence-based representations, however, are only an
approximation to the underlying structural and functional
information. Therefore, motifs identiﬁed at 3D structure
level provide signiﬁcant and reliable information. We had
earlier identiﬁed such structurally invariant segments
through careful manual intervention for superfamilies
where proteins are distantly related but retain similar fold
and biological functions (3,4).
Here, we present a database, MegaMotifBase, which
provides a set of important structural segments or motifs
for protein structures related at family or superfamily level
on the basis of conservation of both sequence and
structural features. Motifs among structurally aligned
proteins are recognized by the conservation of amino acid
preference and solvent accessibility and are examined for
the conservation of important structural features like
secondary structural content, hydrogen-bonding pattern
and residue packing (3–5). These motifs may form the
common structural core by maintaining a particular
spatial pattern, when compared across diﬀerent proteins
belonging to the same family or superfamily. Such motifs
can also be employed to design and rationalize protein
engineering and folding experiments. MegaMotifBase
provides a comprehensive compilation of structural
motifs identiﬁed through a completely automated
method for large number of families (1032) and super-
families (1194) of proteins, in contrast to earlier eﬀorts
(3,4,6), which were limited to poor coverage and extensive
manual supervision. This database can be accessed
from the URL http://caps.ncbs.res.in/MegaMotifbase/
index.html.
KEY FEATURES OF THE DATABASE
 Identiﬁcation and collection of important conserved
structural segments that are crucial for the integrity of
the fold and can be projected as the minimum struc-
tural requirements for a new member to be considered
as part of a pre-existing family or superfamily. It is
also possible to use simple sequence conservation to
recognize motifs.
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structures are displayed for better understanding and
visualization.
 Spatial orientations of the motifs, in terms of inter-
motif distances and torsion angles, are provided.
This enables the users to analyze the structural
variations that are felt even at conserved core of the
fold owing to poor sequence identity and evolutionary
pressures.
 Options are provided for scanning multiple structural
motifs along with their spatial orientation in a given
query protein structure and to scan multiple motifs in
a query structure against the entire structural motif
database. This could be very useful in protein
classiﬁcation and assignment of family or superfamily
relationship to newly solved protein structures with
unknown function.
 Options are also provided to search for similar
sequences by a multimotif-based database scanning
procedure called SCANMOT (7). This scanning option
provides an opportunity to identify distantly related
sequences for each family or superfamily. The speci-
ﬁcity of the search engine is increased by utilizing the
inter-motif spacing and pairwise global alignment of
the query and hits.
 The current version of the database provides options
to align similar sequence with the query protein
structure(s). It allows the user to obtain a control
over the alignment by providing sequence–structure
motif regions as input to the alignment program to
achieve a more structurally relevant and functionally
useful alignment of protein sequences. The alignment
algorithm employs local conserved regions of the
sequences to be ﬁxed, and aligns the rest based on
normal progressive alignment. The chances of global
misalignment are thereby reduced and the possibility
of obtaining overall better alignment is increased (8).
 The database also allows users to build 3D models of
similar protein sequences of unknown structure.
 The entire database of motifs and the alignments can
be downloaded as a ﬂat ﬁle for further use and
analyses (Figure 1).
CONTENTS OF THE DATABASE
MegaMotifBase compiles structural motifs at diﬀerent
levels of protein classiﬁcation strata.
Structural motifs at thefamily level
We have collected 1032 structural alignments of protein
domains that are related at the family levels from
the HOMSTRAD (9) database. Motifs among structurally
aligned proteins were recognized by the conservation of
amino acid preference and solvent accessibility and
examined for the conservation of other important
structural features like secondary structural content,
hydrogen-bonding pattern and residue packing.
Sequentially conserved regions were identiﬁed from the
multiple alignments by examining the nature of amino
acid exchanges using a standard 2020 substitution
matrix (10). Solvent accessibility was measured using the
PSA program from JOY4.0 suite (11). SSTRUC
and HBOND programs, that are also part of JOY4.0
suite, were used to identify secondary structural positions
and hydrogen bonds, respectively. Residue packing has
been measured in terms of Ooi number (12) that provides
the number of residues surrounding each C
a atom of
residues in a protein. Higher Ooi numbers correspond to
better residue packing and suggest that the residue is in a
well-packed environment.
A structural feature is considered conserved at an
alignment position if it is present in all or all but one
member within the alignment. We found this condition
was more practical for families with poor structural
representation. The structural motifs identiﬁed are
mapped on the alignment using diﬀerent color code and
often represent the conserved core of the family. Ranking
of the motifs is performed considering the extent of
conservation of the structural feature. An idea of the 3D
orientation pattern of the structural motifs is provided via
graphic displays and spatial orientation matrices.
Structural motifs atthe superfamily level
Structural motifs for multimember superfamilies. The
superfamily is a hierarchical classiﬁcation that contains
proteins of diﬀerent families having similar structure
and function. These proteins might have very low
sequence identities but retain the same fold through
well-conserved secondary structural parts. Therefore,
identiﬁcation of structural motifs for superfamilies is
even more valuable since the evolutionary divergence
makes it impossible to derive conserved sequence or
structural segments simply by residue conservation. We
identiﬁed structural motifs for all the multimember
superfamilies (628) available in the latest PASS2 and
SCOP (version 1.63) databases (13,14) following the same
protocol described above to identify motifs for proteins
related at the family level.
Structural motifs for single member superfamilies. A
majority of the entries in protein structural databank
are single member superfamilies for which it is hard to
derive structural motifs due to the paucity of structural
homologues. Important conserved segments for these 566
superfamilies (PASS2 database, (13)) have been identiﬁed
and compiled into the MegaMotifBase. Conserved
regions, recognized by permitted amino acid exchanges,
were mapped onto the structure and content of various
structural features (solvent accessibility, secondary struc-
ture content, hydrogen bonding and residue packing) were
examined. Only the conserved segments with high
structural feature content were projected as sequence-
structural templates for the particular superfamily
member. Interactive 3D displays of the templates in 3D
structure [in Chime and RASMOL (15)] were provided
for better understanding and visualization. A static image
of the 3D structure is provided using MOLSCRIPT (16).
We also provide the application of sequence–structural
templates in three diﬀerent areas: multimotif-based
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ogy modeling. In each case, the inclusion of the sequence-
structural templates can give rise to sensitive and accurate
results. This emphasizes the need for inclusion of single-
tons to provide added value to the recognition of addi-
tional members, comparative modeling and in designing
experiments.
APPLICATIONS
The availability of structural motifs is useful since these
conserved patterns form the common core by maintaining
a particular spatial orientation pattern. These motifs can
also assist in the identiﬁcation of new potential members of
anexistingfamilyand/orsuperfamily.Scanningofmultiple
structural motifs, along with their spatial orientation in a
given query protein structure, could be very useful in
protein structural classiﬁcation. In MegaMotifBase data-
base, we also provide the application of motifs in three
other crucial areas: motif-based similar sequence search,
multiplesequence alignmentandinhomologymodeling. In
each case, the inclusion of the sequence–structural motifs
can give rise to sensitive and accurate results.
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